A small group of travellers became infected with Echinostoma sp. after ingesting raw fish which they caught in Lake Tanganyika, Tanzania, in January 2017. The infection was diagnosed by finding the characteristic eggs in stool samples collected over a 2-week period following their return to Kenya. Echinostoma is a genus of parasitic flukes normally known to infect humans in southeast Asia and the Far East. This appears to be the first report of echinostomiasis in East Africa which can be attributed clearly to ingestion of locally caught raw fish.
The Cases
Six members of a group of seven Caucasians in their late 20s and early 30s, who travelled from Kenya to Mahale National Park on the shores of Lake Tanganyika in Tanzania from 11 to 25 January 2017, brought their stool samples to our laboratory after returning to Nairobi. The first person came immediately, on 25 January, and the last of the six brought his sample on 7 February, 13 days after their return. All six of the young adults (five males, one female) admitted to eating raw fish caught in the lake, prepared as 'sushi' every day over a period of up to 6 days. They identified the fish as both Tanganyika perch and Emperor Cichlid ('yellow belly'). They were already suspicious that their consumption of the raw fish might be associated with their symptoms, which they described as developing quickly, some within 1 to 2 days of first eating the fish, with abdominal pain, discomfort, diarrhoea and fatigue. One of the six had a cough while two had back pain. The female in the group described both back and chest pains and breathing difficulty for 2 days after leaving the lake. One member of the group had also developed an erythematous rash on his torso, arms and thighs. None of the six who came to our laboratory were physically examined at our centre but some of them did total blood counts (TBCs) and other blood tests, either at our laboratory or elsewhere, during the same period.
Their stool samples were all examined fresh, by direct saline smears followed by the formol-ether concentration method. In four of the six concentrated samples, we found several helminth eggs, measuring between 92.5 and 115mm long (mostly 95-98mm) and 65-72.5 mm wide, yellowish-brown, unembryonated, with an inconspicuous operculum at the slightly tapered anterior end (Photo 1). The operculum could only be seen with fine focus using the Â 40 objective (Photo 2). Initially, it was concluded that the eggs were either of trematode or cestode origin, although this could not be immediately ascertained. Charcot Leyden crystals were a marked feature in four of the stool samples.
A rising eosinophilia was noted in two of the infected members of the group who had TBCs run on two occasions: from 4.5% to 12.6% after a 10-day interval in one and, in the patient with the rash, from 3% to 18.4% after a 7-day interval.
In order to identify the unusual eggs, the stool samples were preserved in 10% formaldehyde solution and the eggs were photographed and measured again. Genera which were considered included Diphyllobothrium, Fasciola and Paragonimus, but quickly ruled out since the eggs did not fit their specific measurements. However, they did fit the description for eggs of Echinostoma, which is a genus of small parasitic flukes (Class Trematoda, Order Echinostomida, Family Echinostomatidae).
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The four persons who were passing Echinostoma eggs in stool (who included the female and the patient with a rash) were treated with a combination of generic praziquantel 2.4 g daily and albendazole 400 mg daily for 4 days. Follow-up stool samples were received from three of them immediately after treatment and no more eggs were found, although Charcot Leyden 
Brief Communication crystals persisted. One of the remaining two was treated with praziquantel for bilharzia, which would also have eliminated Echinostoma. Bilharzia was diagnosed in two of the six from antibody testing, but they thought they had acquired the infection from previous travels in East Africa during 2016 or earlier.
Discussion
There are many species of Echinostoma which are parasites in the gut of a wide variety of birds and mammals worldwide, including Europe and the Americas. [1] [2] [3] [4] [5] In Africa, Echinostoma deserticum has been described from the small intestine of the African grass rat, Arvicanthus niloticus, and sporocysts and rediae have been isolated from species of Bulinus snails. 6 Echinostoma is also known to infect man, especially in southeast Asia and the Far East, where raw molluscs and raw fish are frequently consumed and prevalence of the parasite can surpass 20%. [3] [4] [5] Recently, it has been described as a neglected tropical infection. 4 Echinostoma has a 3-host life cycle which always involves a snail as the primary intermediate host, although snails can be both primary and secondary intermediate hosts. Secondary intermediate hosts can also be other molluscs such as clams, or crustaceans, amphibians and fish. [3] [4] [5] Echinostoma is transmitted to the definitive host by ingestion of the metacercariae in the flesh of the second intermediate host. Once ingested, the metacercariae excyst in the small intestine and mature into adult flukes. In the human host, the adult flukes mature in the jejenum, attaching to the mucosa by an oral sucker, which is ringed with a collar of spines. Although echinostomes do not undergo tissue migration in the definitive host, the adults are known to damage the intestinal mucosa. 4, 5 It is speculated that this group of adventurous young travellers became rapidly infected with a species of Echinostoma by ingesting the metacercariae from the raw fish they consumed at the lakeside. Species-specific diagnosis was not possible and is known to be difficult without recovery and identification of the adult flukes. 4 The period between the first day of fish consumption and the first positive stool specimen received at our laboratory was 16 days, which is consistent with the known life cycle of these hermaphroditic flukes, 4 whereby eggs start to be released 10-16 days post-infection. 4 The normal definitive hosts in the lake region are speculated to be resident fish-eating mammals.
Although Echinostoma eggs were found in only four of the six travellers, they all ate the same fish and described symptoms which could be attributed to infection. Most of the clinical features noted, apart from the rash, appear to be consistent with symptoms commonly associated with echinostomiasis, including the peripheral blood eosinophilia. 4, 5, 7 The patient with the rash and a rising eosinophilia was initially examined by a doctor at another facility, who diagnosed cutaneous larva migrans and prescribed albendazole and ivermectin. When we received his stool sample 7 days later, despite this treatment, he was found to be passing eggs of Echinostoma but his rash had subsided. He was then treated with praziquantel. The recommended treatment for echinostomiasis is a single dose of praziquantel at 25mg/kg, 4 but we prescribed a higher dose because initially, we were neither sure of the identity of the parasite nor the efficacy of the drug. As it was, five were treated with praziquantel. The sixth person, who had two egg-negative stools, took only albendazole and felt well. He was told to repeat his stool analysis if any further symptoms developed.
Conclusion
This appears to be the first report of a human infection with Echinostoma sp. in Africa which can be attributed definitely to the ingestion of raw fish. A previous report of Echinostoma in 20 travellers with gastroenteritis returning to the USA from Tanzania and Kenya in the mid-1980s 7 was not able to determine the source of infection. Human infection with Echinostoma is likely to remain a rare occurrence in Africa because there is no indigenous culture of eating raw fish. However, with the growing influence of Far Eastern cuisine on the continent, and an increase in adventure tourism, this infection may become more frequent.
